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EE8: o|&UE7](twin screw extruder)E ©]-&3to] &-8AJEolA furfuryl sulphideE EXAZ 712 Ze|Zz=Z
(modified polypropylene, m-PP)S A|Zsla, 74 AgA0|ES} thad g FH (multi-walled carbon nano
tube, MWCNT)2}e] m-PP/U =] E3AIE AZ3IATE m-PPY] 3}8hrzel E4 542 A48 7|(FTIR), Al
AFAI R 7|(DSCYE ol-&-3te] AL m-PP2] 3}8H73= 3100 em'ollA Y BX]A|2] =C-H 4l
FXFIIAE o83t ERIFIAL, SF2=r & W3lE Holx| FUAT AAs2T+= 10-20 °C 7HF SV
ot m-PPA=E ] 53 e B B4 9 U AT FAFHEAYY], XA I-EEA7](XRD), FAY
EAAAE U (SEM/TEM)S o]&3le] #Haelith, m-PP/U =] E3Ae] whe Fuld gdojx]e] Eibdrol
|5 o] ZUleIN e, Aetddl(shear thinning) &3} B3k Z71516 Tk 4= PP} ¥ e W] m-PP9} m-PPA =
gy E3A] #E AT MR S5 AE FIs8

Abstract: Modified polypropylene (m-PP) was fabricated by furfuryl sulphide (FS) as branching agent and m-PP/nano-
filler composites were prepared with silicate and multi-walled carbon nanotube (MWCNT), using a twin screw extruder.
The chemical structures and thermal properties of the m-PP were investigated by FTIR and DSC. The chemical structure
of the m-PP was confirmed by the existence of =C-H stretching peak of the branching agent at 3100 cm™. There was no
district change in melting temperature in case of m-PP, but a certain increase in crystallization temperature was notified
and the increase was in the range of 10-20 °C. The rheological properties, filler dispersion and foaming behaviors of the
m-PP/nano-filler composites were investigated by dynamic rheometer, X-ray diffractometer (XRD) and scanning/trans-
mission electron microscope (SEM/TEM). m-PP/nano-filler composites showed a high complex viscosity at a low fre-
quency, an increase in melt elasticity, and a high shear thinning effect. Compared to pure PP, m-PP and m-PP/nano-filler
composites were sufficient to enhance the foaming behavior.

Keywords: modified polypropylene, nano-filler composite, rheological properties, foaming behaviors.
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$FE (carbon nanotube, CNT) 52 37|5lo] B35S A3t
A A B X (long chain branch, LCB) =¥, A4
(electron beam) A} T2 WHEC] A= o] Ykl M=}
WS PP Al&Ee] #3le} 7l (crosslinking) 5= FEAI 1AL,
doE o= g $AY FHOE AHAF] SHlA &
&2]0]A] Zajrt. A4 (branching agent)E ©]-8-3F g2
A =gl thek A+ F oH2lAl (divinylbenzene, DVB)S
o] &3t A+t Bol P ojdom, E. Borsig 5"
bifunctional T2 furfuryl sulphide(FS)E ©]-&3sle] 173
oA A3} PPE A3, wAI8E HEE AT 54
< ol&3ste] Frkektt. FSo| 494 A4S flaire= HE
Eg|z2 g Ao Bol| AREHIL = olFUE71N4 9]
NAge] st A7F Hasit.

e B = g 4 Adio] v 7|2 #ikE =32
b, o]yt BAEAA SR 3l Ao HUEE &
ool g3 EAS Uehlle Alo=E RIS, 5 5
sk 7IAA =74, 7P A, 2E]a 7P AAEA Y 5o 4
< 7 Y ppAeE Y B Y] 54 WS F 5
3] HAlo] e FEo] S 549 wstolt). iRt
F71Ee] A7t 838 dAre S 8HYES B
shear rate FHoIX &FHES] F7HE HAF o]& &
Hole 88489 A3AA A9E 7] diEed] v
83 AxEt & 5

wehy B Ao EXAR furfuryl sulphideS o183}
of o|SY=7IolAM AEg Al W a3E #A sk,
=2 24 A ) ESL MWCNTS ©]4-38le] m-PPA}
3y H5PAE Axstal ey o] B4, e &
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Mz Y 22X PP M. /WAAIZ= fert-butyl perbenzoate
(TBPB, 98%, Aldrich), XA 2+ furfuryl sulphide(FS,
98%, Aldrichye AR8-3l3itt. ARl isotatic PP= SKARS] 4F
SPIAIA 7 H71EA] 252 homo PP(MI 2.9 g/10 min)E A
SIS AElAo|EE vt Southern ClayAke] dimethyl
dehydrogenated ammonium montmorillonite(Closite 20 A),
MWCNTE G)CNTAR] Ctubel002 AMEsIom Ha 2
73& 20 nm, ZA°)E 1-25 um, H]EHAL 150-250 m¥/go]H,
5wit% W %] metal oxideZ} H7FE o] 2Th MWCNTel
metal oxideZ A|A3}7] 218 Gkl 24417 FF HA|AZ]
% FE5t] 80°C AFLEONA 6A7F B AF Ax F
AME-31T), WA= Akzo Nobel®] Expansel(SE-850)2- ©]
8313t Table 190 ARESE A|EE9] sPektE YERASIT

m-PP A ZZ 9] TBPB(0.0068 g)¢} FS(0.3 wt%)2} PP
(10 g) £+ & o|SUZ7|E o83t strand FEH ] A=

:
5e

o] fHEH B 2 UxAT 495
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Table 1. Abbreviation and Chemical Structures

Chemical name Abbreviation  Chemical structure

Initiator ~_‘¢/*-Bubyl TBPB  CHsCOOOC(CHs)
perbenzoate
Branching Furfuryl o o<
. FS s
agents sulphide || ||
Ty
Silicate S H,C—NT—HT| ™
Nano filler |
HT
MWCNT C -

Table 2. Compositions of m-PP/Nano-filler Composites

Sample  FS (wi%) leslevrvtf,ge M e
HP - - 2.9 0.83
HP-F 03 - 37 0.71
HP-F-S 03 Silicate . 0.74
HP-F-C 0.3 MWCNT . 0.23

“Melt index (g/10 min): 2.16 kg, 230 °C.
’Power law index: complex viscosity = m(frequency)"’.

2 Azt AxE m-PPE A/ E o]&3te] 2A A
£ F Y=gy} T35t o|59E71614 m-PP =
B E A3}

o]&¢t=719] &%= E9(hopper) 130 °C, YA #7+-&
190 °C2 A3, 223 F+= 300 rpmo= ko 30%3 1/
QAT EC R AEE FYSY 22 m-PP=d
2] B3 e} BEA (1.5 wi%)ys T8I0 o|FUE7E T3
UEAE Az oM, o] FUYE7]e & thol(die)=
170 °C2 3193, YA 742 B3A9] 2=9) T35
AT 237 S5 100 pmS )83tk Table 201
A 2 ey 500 dish AlEE ESke] EATEISIT

£3. m-PP9] 3}8 2= FTIR(Perkin Elmer, Spectrum
1000y ARE-SIITE A Sl FHofsiA] & EAAIE A A
3171 913l 180 °CollA PP(2 gy A @ 200 mLoll 1A%+ &
ot o)1, PP7} Atd @) ¢H3s] Hom §-9-8 90 °C7HA|
= Y= U} chloroform 200 mLE Y3 WKN7F AE o
AT A7 ol )7 oyl =W oSk PPE
%8 oo YL Soxhlet 775 o] Rdl] = =
chloroform 200 mLE g3 ARt & 23} k73
15 AR18 H 6A7F B9 A2t 4 m-PPE ZE
B2 W50 FTIRE =743t} Resolution 2 cm™ollA] 24
5] 27038ted 4000~400 cm™ G oA AYEHS ATt

WA PPot E§AC] &F5AS ARFAIG & A7
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(differential scanning calorimetry, DSC)E AR8-3Jo] 4] 7'5}051
t}. DSCE TA instrument DSC Q20& o]&3le] A% W
2l 40-200 °CllA] heat/cool/heat modeZS ARE-3FH O, 52
9 W7 £E= 10 °C/min® 2 AA3k] N, 91718114 &
A8t
FA e A4S 98 FHRHSA7IE AReS)
Aot 5478354 7]= Anton ParrAl] MCR 3012 A3}
o] strain 20%, frequency 0.01-100 Hz2] 2712 2 200 °Coll
A 45ttt 217 25 mme] parallel plateE AMHE-31] gap
size 1.0 mmollA] A-S FaY519)0m, AlEL 190 °C] 71
ZY2E o]-gste] A&t vtﬂ’@ﬂ“—? 40l ik 43k
A golS 9a) 2 A B F HA AT
L‘r“'ﬂﬂiol S Sobry] flste] XA FAERA7|(X-
ray diffractometer, XRD)2} FAFIAFEA M7 (scanning electron
microscope, SEM)S ©]-83}th XA 3" EA7]= Rigaku
Aol D/MAX-2500(CuKo: radiation with A=0.15406 nm) %
HIE o]§st3lom 209 W= 2~40%]H 270 £ 29
min®E 3} Th A HE 190 °Ce] 71 ZY 8 o] 83lo] F
7l 1mm, 27 25 mme] A3 A|HES AZlsiit. FARIA}
#n|7-& TESCANARS] MIRA3 AH|E ©]8-31]Th,

a8 A EE
m-PPe| sfet=x 4l J7|xEM BM m-PPY 3872
FTIRS ©]-&3ted 4181991, Figure 19 FTIR /\J“EH

S YeRiith PPeF m-PPY] FTIR 2HERA & 2jolE

LA 9Fom, 3100 em F-2ollA okaA] 928 viehl
T el o) BExAe] Wiy So 9 o]FA%e] C-
H A%% o3 Ao fag 5 2w, o] A7RHE
B2 A7) spehubgo] Fold Aoz AT = 9l
1160cm‘194 o] Bx|3} uhol| RS Hix] k= C-
CH; A=A%S el 7ot}
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g C-CH,
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Figure 1. FTIR spectra of m-PPs.
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Figure 2. DSC thermograms of m-PP/nano-filler composites.
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Figure 3. XRD patterns of m-PP/nano-filler composites.
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Figure 4. Complex viscosity and G-G" plot of m-PP/nano-filler
composites.

HERA AT

olE H3HAe] e FAEA gk vigEe] S
wo} 2pHleA asl] flsll GG plots ©1-8-313Att. Figure
42] G-G" plotell Wigt A3}-E AH R, m-PPS} m-PP/AlE]

Aole Byl 45 Ak Felel T2 el o)
31, 1971 45 PP o] e 22 U 5 ik

m-PP/MWCNT E3H|9] G-G" AFL vf$- e 7147] 3+
S HAFA Q=] ole &8/ EHllA o] Erd el ogt
Ao R FjAE 5 glon, Eabgo|x] MWCNTS] #4ko|ut
ARG E B/30] Fste] &-83EolA] MWCNTeY €&k &2
A EAJo] A} EgAel IS VA BEEA 0] T8k
Uehte dgoz Ayt & gl

LicEe 24t 9 2EZHE. XRD, TEM, 18|32 SEM
o] g3lo] AejAo]EQF MWCNTE] E4kdS 23130t
A, ALFAA A E EdA oA HejAlo|ES] #4F A
H7Fsl7] 218 XRD ZAlA AZJAOIES] dyy-spacing
A YA AEE T2 &3t Figure 50 AglA0]
B9H 2] XRD patternS- LFERN ST}

) 3]
3}

m 1o k1 2 o

Polymer(Korea), Vol. 37, No. 4, 2013



498 733} -
25000
o Silicate
a7 — —— HP-F-S
20000 |-
E 15000
Qe
=
B
c
S 10000 [
= 3.02°
— T -_ P
5000 P~ v/ NS
0 ,
2 4 ] 8 10
20 (degree)

Figure 5. XRD patterns of m-PP/silicate composites.
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Figure 6. TEM image of m-PP/silicate composite.
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Figure 7. SEM image of m-PP/MWCNT composite.

Figure 8. SEM images of m-PP/nano-filler composites with foam-
ing agent.
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